Abstract The Donalda gold deposit in the southern part of the Archean Abitibi greenstone belt consists mainly of a subhorizontal gold-quartz vein perpendicular to subvertical shear zones. The 0.3e0.5 m thick vein is characterized by vein-parallel banding structures indicating multiple episodes of fracture opening and mineral precipitation. Measurement of the c-axis of primary growth quartz indicates that quartz preferentially grew perpendicular to the fracture, suggesting open space filling and/or extensional nature of the fracture. Measurement of the orientations of microfractures, veinlets and fluideinclusion planes (FIPs) crosscutting primary growth quartz indicates that the vein minerals were subject to a vertical maximum principal stress (s 1 ), which is inconsistent with the subhorizontal s 1 inferred from the regional stress field with NeS shortening. This apparent discrepancy is explained by invoking episodic fluid pressure fluctuation between supralithostatic and hydrostatic regimes accompanied by episodic opening and closing of the subhorizontal fracture. When fluid pressure was higher than the lithostatic value, the fracture was opened and primary growth minerals were precipitated, whereas when fluid pressure decreased toward the hydrostatic value, the hanging wall of the fracture collapsed, causing collision of protruding primary growth minerals
Introduction
The Donalda gold deposit is an auriferous quartz vein deposit located in the southern part of the Archean Abitibi greenstone belt, Canada (Fig. 1) . Unlike most mesothermal lode-type or orogenic gold deposits, where the majority of gold mineralization is hosted in steep quartz AE carbonate veins associated with shear zones (Robert and Brown, 1986a,b; Hodgson, 1989; Groves et al., 1998; Goldfarb et al., 2005) , the Donalda gold deposit is composed of a couple of extensive, subhorizontal quartz veins, which extend far beyond the vicinity of subvertical shear zones (Riverin et al., 1990) . This unusual development of subhorizontal auriferous quartz veins provides an opportunity to study the hydrodynamic regimes and fluid-structural relationships related to gold mineralization with reduced complexity caused by structural overprinting close to the shear zones.
It has been proposed that episodic fluid pressure fluctuation between hydrostatic and supralithostatic regimes played a critical role in the development of vein systems associated with high-angle shear zones (the fault-valve model, Sibson et al., 1988) . According to this model, subhorizontal extensional fractures adjacent to the shear zones were opened in the prefailure stage, when fluid pressure was building up to supralithostatic values, resulting in incremental growth of subhorizontal veins, whereas high-angle shear fractures were produced (or reactivated) during the seismogenic fault failure stage, resulting in rapid release of fluid pressure, followed by postfailure discharge and mineral deposition within fault veins (Sibson et al., 1988) . This model was further examined by Boullier and Robert (1992) with a detailed study of fluid inclusion planes (FIPs) in the Val d'Or area of the Abitibi greenstone belt, which demonstrated that the subhorizontal veins experienced alternating subvertical opening (s 3 vertical) and subvertical shortening (s 1 vertical). They ascribed the subvertical shortening to a total shear stress release along the neighbouring shear veins accompanied by fluid pressure drop, but the detailed mechanism of the flipping of s 1 and s 3 was unclear.
Fluid pressure fluctuation has also been invoked in a "water-sill" hypothesis to explain the development of extensive, beddingparallel, subhorizontal quartz veins in the Meguma Group metasediments, Nova Scotia, Canada (Henderson et al., 1990) . According to this model, bedding-parallel subhorizontal fractures were filled with water (the water sills) and a number of "quartz bridges" across the fractures existed: when fluid pressure was higher than the lithostatic load, the fracture was widened and the quartz bridges thickened through new mineral precipitation at the vein-wall rock contact, whereas when fluid pressure was lower than lithostatic value, the gaps between the bridges and the wall rock were closed, and the wall rock "intruded" into the space between the bridges (Henderson et al., 1990) .
The concept of water sills and quartz bridges (Henderson et al., 1990) may lend an explanation to the flipping of maximum principal stress as recognized by Boullier and Robert (1992) for shear zone-related subhorizontal veins. In this paper, we explore this concept in terms of fluid pressure fluctuation and fluid-structural relationship based on detailed textural and microstructural studies of a subhorizontal vein from the Donalda gold deposit.
Geological setting

Regional geological background
The Donalda gold deposit is situated at the southern margin of the Rouyn-Noranda central volcanic complex, which is one of many volcanic centres developed in the Southern Volcanic Zone of the Archean Abitibi greenstone belt (Fig. 1) . The area is bordered in the south by the regional Kirkland Lake-Cadillac Fault, which marks the southern boundary of the Abitibi greenstone belt (Dimroth et al., 1982 ; Fig. 1 ) and exerts a first order control on a number of gold deposits regionally, including the Kirkland Lake gold district to the west and the Val d'Or gold district to the east of Rouyn-Noranda (Poulsen et al., 2000) .
The Rouyn-Noranda central volcanic complex consists of submarine volcanic rocks of the Black River group and synvolcanic plutons, which were deformed and metamorphosed to lower greenschist facies during the Kenoran orogeny (Dimroth et al., 1983) . In the early stage of the orogeny, deformation was dominated by folding of the volcanic rocks, and the local stress field was distorted by existing anisotropies (mainly synvolcanic plutons), leading to deviation of fold axes from a EW-trending pattern (Archambault, 1985; Dimroth and Rocheleau, 1985) . Thus, the fold axes strike NW in the eastern part of the area, EW to WNW in the northern margin, EW to ENE and WNW in the western margin, and mainly EW in the southern margin (Fig. 1) . In the late stage of the orogeny, with the gradual locking of the folds, the stress field of the area approached the regional stress field, i.e., NeS shortening, and deformation was characterized by development of a number of NE-, NW-and EW-trending faults (Fig. 1). 
Geology of the deposit
The Donalda gold deposit is located about 3 km NE of the city of Rouyn-Noranda (Fig. 1) . The volcanic rocks in the area belong to the Black River group and consist of, in ascending order, the Joliet rhyolite (JR), the Quemont rhyolite (QR), the Here Creek rhyolite (HCR), the Tailings Lake quartz-feldspar porphyry (TL), the South Bay andesite (SBA), the Delbridge rhyolite (DR), and the Wilco andesite (WA) and the Wilco rhyolite (WR) (Fig. 2) . The gold-quartz veins of the deposit are hosted by the Quemont Rhyolite and the Wilco Andesite; both the host rocks and gold-quartz veins are cut by the Proterozoic D'Eldona diabase dyke (Figs. 2 and 3) .
The volcanic rocks in the Donalda area were folded to a subvertical attitude with an EW strike during the Kenoran orogeny. A series of high-angle shear zones with NE-NEEand NW-NWW strikes are developed in the volcanic rocks (Figs. 2 and 3) . The gold-quartz veins in the deposit are not hosted by the high-angle shear zones, but are controlled by subhorizontal fractures at high angle to the shear zones (Fig. 3) . The characteristics of the shear zones, vein-controlling fractures, mineralization and alterations are described as follows.
High-angle shear zones
Four steeply dipping shear zones (Home Creek, Central, Donalda and Powell) occur in the Donalda deposit (Figs. 2 and 3) . The Home Creek shear zone is one of the major structures in the Rouyn-Noranda area. Many synvolcanic massive sulphide deposits (including those rich in gold) and much younger vein-type gold deposits are distributed along or close to it. The strike of this shear zone varies from NEE to NWW. In the Donalda deposit, it strikes 275
, with a dip of approximately 70 to the north, marking the boundary between the Quemont rhyolite and Figure 2 Geological map of the Donalda area (after Riverin et al., 1990) . Line AeB indicates the position of the cross section shown in Fig. 3 Riverin et al., 1990) . Figure 1 Geological map of the Rouyn-Noranda area (after Riverin et al., 1990) , also showing the location of the study area in the Abitibi greenstone belt.
the Wilco andesite. The shear zone consists of a 3e5 m wide band of sheared rocks and a 0.3e1 m wide gouge immediately north of the sheared rocks. Schistosity in the shear zone has similar strike as the shear zone and is vertical to subvertical, while stretching lineations are subperpendicular to the strike of the shear zone. The Powell shear zone, striking 270 e285 and dipping 75 to the north, is similar to the Home Creek shear zone in attitude but smaller in scale. Its internal structure could not be described due to poor exposure. The Central shear zone strikes 55 e66 and dips 68 to the northwest. It consists of a 1e3 m wide zone of sheared rocks bounded to the north by a gouge 10e20 cm wide. Schistosity in the shear zone strikes NWW and is mainly vertical. The Donalda shear zone strikes 68 and dips 80 to the southeast. Its internal structure is similar to the Central shear zone (Riverin et al., 1990) . The shear zones cut across the principal quartz vein and the displacement indicates reverse movement along the Horne Creek, Central, Powell shear zones and normal movement along the Donalda shear zone (Fig. 3 to the south) (Fig. 3 ). Slickensides were commonly observed on the contacts of the veins and are mainly subperpendicular to the strike of the veins, indicating either a reverse or normal movement. Apparent offsets of individual lithologic markers indicate normal movement in some places and reverse movement in other places, with displacement in the order of tens of centimetres. Where the No. 1 vein deviates from its general attitude and strikes NE locally, the offset of a pair of lithologic markers indicates a sinistral strike-slip movement with a minor component of reverse movement (Fig. 4 ). This movement is subperpendicular to the general strike of the vein (EW), and indicates that the southern block (hanging wall) moved subhorizontally away from the northern block (foot wall).
Mineralization and alterations
The Donalda deposit has reserves of about 10 tonnes of gold, with the bulk of gold mineralization occurring in the two quartz veins (Riverin et al., 1990) . The principal gold-quartz vein (No. 1) has a strike length of up to 825 m, a dip length of about 1000 m, and a thickness of typically 0.3e0.5 m (Riverin et al., 1990) . In general the vein is single, but in some segments it divides into two smaller veins which rejoin again after a few metres to form an anastamosing pattern. Gold mineralization occurs as native gold, locally associated with tellurides. The veins have an alteration envelope which can be divided into two zones: a visible alteration zone and a cryptic alteration zone. The visible alteration zone is a few centimetres wide, characterized by a lighter colour than the cryptic zone, and is composed mainly of carbonates and quartz, with minor chlorite, sericite, and pyrite and locally epidote, whereas the cryptic alteration zone is composed of chlorite, carbonates, quartz, epidote, sericite, and pyrite. Native gold was observed in the alteration envelope of the hanging wall, but not in the foot wall, occurring as veinlets or inclusion trails in pyrite and commonly associated with chalcopyrite (Riverin et al., 1990 ).
Study methods
A series of oriented thin sections and doubly polished thin sections were vertically cut (subperpendicular to the vein) from the No. 1 vein. These thin sections were continuous from the hanging wall across the vein to the foot wall, so the full incremental-deformation history of the vein can be traced. Three sets of such continuous sections (#3463, 3465 and 3475) were studied to examine the lateral variation of the incremental-deformation processes in different segments of the vein. Some horizontally cut (subparallel to the vein) thin sections were also prepared and studied.
The thin sections were studied for mineralogy and textures. The c-axis of quartz was measured with a universal stage, and the results were plotted on stereonets to show the distribution of the long axes of quartz in the vein. The strikes of microfractures, quartz veinlets and fluid inclusion planes (FIPs) were measured from horizontally cut oriented thin sections, and their apparent dip direction and dip angle measured from vertically cut thin sections, with the results being shown with rose diagrams.
The orientations of FIPs (strike, dip direction, and dip angle) were also measured from horizontally cut thin sections with a method described below. The strike of an FIP was determined by rotating the manual stage to find the angle between the strike of the FIP and the marked azimuth direction on the section. The dip angle of the FIP was estimated by changing the focus on different depths of the FIP as follows. First, the stage was rotated so that the FIP was parallel to the crosshair and focus is made on the upper part of the FIP. Then readings of the FIP on the horizontal crosshair (H 1 ) and the focussing screw (V 1 ) were recorded. The focus was then changed to a deeper part of the FIP, and new readings of these parameters (H 2 , V 2 ) were taken. The horizontal displacement of the focus of the FIP (ΔH ) is equal to (H 2 eH 1 ) multiplied by the length per unit for the objective used (e.g., for the Â50 objective the length per unit is 2 mm). The vertical displacement of the focus of the FIP (ΔV) is equal to (V 2 eV 1 ) multiplied by the depth per unit reading, which can be obtained by using a slide of known thickness. The dip angle (a) can then be calculated using the formula a Z atan (DV/DH ).
Vein textures and microstructures
The components of the No. 1 vein can be divided into three types: wall rock fragments, primary growth minerals and superimposed minerals. Wall rock fragments are mainly distributed in the marginal part of the vein, varying from 0 to 35%. Primary growth minerals are the major components of the vein, generally >80%. Quartz is the dominant mineral throughout the vein, whereas other minerals (carbonates, K-feldspar, sericite, chlorite and pyrite) are minor and occur mainly in the marginal part of the vein. Superimposed minerals, including quartz, carbonates, chlorite, sericite, K-feldspar, sulphides (pyrite, chalcopyrite and sphalerite), gold and tellurides, commonly occur as irregular patches and veinlets crosscutting the primary growth minerals or along their grain boundaries. They are typically fine-grained, and make up less than 20% of the vein material.
Primary growth structures and textures
The No. 1 vein is generally characterized by vein-parallel banding (Fig. 5aec) , locally with abundant wall rock breccias (Fig. 5d) . The number of bands varies from place to place, and the nature of the bands also varies, as described below.
Wall rock bands
Bands composed of wall rock fragments generally occur parallel to the vein wall or oblique to it at low angle. The width of the bands varies from several millimetres to several centimetres, and the length ranges from several centimetres to tens of centimetres. These bands are best developed at the margin of the vein, especially the upper margin.
Crustiforms defined by variation of mineral components
These bands are shown by a gradual change of mineral composition from vein margin toward vein centre. They are best developed in the segments where wall rock bands are rare or absent. Primary growth minerals other than quartz (e.g., K-feldspar) are generally more developed in the marginal part than the central part of the vein (Fig. 6a) .
Crustiforms defined by grain size and shape variation
The grain size of primary growth minerals gradually increases from the marginal part (sub-millimetres) to the central part of the vein (millimetres, up to 1 cm). The length-width ratios of primary growth quartz vary from 12:1 to 1:1, and have the tendency to decrease from the marginal part (Fig. 6b) to the central part of the vein (Fig. 6c) , where equant quartz predominates over elongated quartz. The long axes of the quartz crystals are generally at a high angle (65 e90 ) to the vein wall, dipping in all directions, as reflected by the cluster of c-axis measurements around the pole of the vein on a stereonet diagram (Fig. 7) .
Superimposed structures and textures
4.2.1. Vein-parallel deformation bands Many vein-parallel dark bands are not composed of wall rock fragments, but rather of very fine-grained (a few tens of microns) quartz, with minor amount of sericite, carbonates, chlorite and sulphides. These bands appear to have resulted from deformation and recrystallization of coarse, primary growth minerals, as indicated by the truncation of the primary growth minerals by the fine-grained bands and the presence of remnants of relatively coarse grains in the fine-grained bands (Fig. 8a) . The fine-grained quartz is relatively free of fluid and solid inclusions and has a relatively clean appearance in comparison with primary growth coarse quartz. Most fine quartz shows clear extinction or slight undulatory extinction, in contrast to the primary growth quartz which shows strong undulatory extinction. The width of individual fine-grained bands varies from several microns to more than 1 cm, mainly on the order of millimetres, and the length varies from a few centimetres to tens of centimetres. The number of bands across the vein is variable in different places, from zero to more than 30, and two neighbouring bands may join to form a single band a few centimetres away.
Microfractures and deformation lamellae developed within primary growth layers
Unlike vein-parallel deformation bands which are developed between primary growth layers, microfractures outlined by thin zones (a few microns to sub-millimetres) composed of finegrained quartz, and deformation lamellae characterized by closely spaced, very narrow zones (sub-microns to a few microns) defined by slight change in interference colour (Fig. 8b,c) , are developed within individual primary growth layers, in most cases within individual crystals. The strikes of the microfractures are preferably in NE and NW orientations (Fig. 9a, upper) , and the apparent dip angles are mainly between 30 and 60 ( Fig. 9a, lower) .
Veinlets of superimposed mineral assemblages
Veinlets of superimposed mineral assemblages (including quartz, carbonates, sericite, chlorite, K-feldspar, and sulphides) crosscutting primary growth minerals are widely developed in the vein. Unlike the microfractures filled with quartz resulting from deformation and recrystallization of the primary growth minerals, the veinlets are composed of newly precipitated minerals (Fig. 8d) . The minerals in the veinlets are generally fine-grained, and the boundaries of the veinlets are irregular. The width of the veinlets varies from a few microns to a few millimetres. The strikes of the veinlets are variable (Fig. 9b, upper) , and the apparent dip angles are mainly >70 (Fig. 9b, lower) .
Fluid inclusions planes
Microfractures filled by fluid inclusions, or fluid inclusion planes (FIPs), are well developed in primary growth minerals (Fig. 8e) . Some of FIPs crosscut grain boundaries (intercrystal FIPs), while others are developed within individual crystals (intracrystal FIPs). The intercrystal FIPs contain only aqueous fluid inclusions, whereas intracrystal FIPs contain CO 2 -bearing fluid inclusions in addition to aqueous ones. The strikes of the intracrystal FIPs show slight preferential orientations in ENE and WeE (Fig. 9c, upper) , and their apparent dip angles are mainly >80 (Fig. 9c, lower) . The intercrystal FIPs show various strikes with a concentration in the WNWeESE orientation and dip angles nearly 90 (Fig. 9d) .
Gold mineralization
Native gold occurs as individual grains or patches in microfractures with or without other superimposed minerals, in grain boundaries of primary growth quartz, and within pyrite (either primary or superimposed) as veinlets or trails of inclusions. Gold is commonly associated with tellurides ( Fig. 10a) and chalcopyrite ( Fig. 10b ) in microfractures. Trails of gold appear to have been truncated by vein-parallel deformation bands (Fig. 10c) .
Discussion
The banding structure of the No. 1 vein indicates that the vein was formed by multiple episodes of opening of the subhorizontal fracture accompanied by mineral precipitation.
Mechanical nature of the subhorizontal fracture
The fracture that hosts the No. 1 vein was interpreted by Riverin et al. (1990) as an extensional fracture formed in an NeS subhorizontal shortening stress regime. This interpretation is, however, inconsistent with the observation that the No. 1 vein is perpendicular to the northdipping high-angle shear zones (Fig. 3 ) and the schistosity in the shear zones is vertical, which suggests a horizontal s 1 in the NeS orientation. An alternative interpretation is that the high-angle shear zones were formed in the early stage of deformation, whereas the low-angle, vein-controlling fracture represents one of a pair of shear fractures formed in a later stage of deformation, both in a stress field with horizontal s 1 in the NeS orientation. It is also possible that s 1 did not remain horizontal or parallel to the subhorizontal fracture all the time, so the mechanical nature of the fracture may have changed between extensional and shearing from time to time.
Mechanism of opening of the subhorizontal fracture and its relationship with fluid pressure
Regardless of the uncertainty about the mechanical nature of the subhorizontal fracture, the fracture must be opened in order for the vein to form. It has been shown that open space may be produced along shear fractures through mechanisms such as uneven rotation of the fractured rocks (Ramsay, 1967) , movement on non-planar shear surfaces (Guha et al., 1983) , and inhomogeneous deformation (Hodgson, 1989) . It has also been shown that fluid pressure plays a critical role in the opening of a fracture (Hubbert and Willis, 1957; Phillips, 1972; Cox, 2005) . Once a fracture is created, it may remain "closed" unless fluid pressure is higher than the normal stress (stress perpendicular to the fracture) so that the effective normal stress (normal stress minus fluid pressure) is negative. For horizontally oriented fractures, the normal stress is equal to the vertical lithostatic load, and the opening of the fractures requires the fluid pressure be higher than lithostatic pressure (i.e., supralithostatic fluid pressure) (Sibson et al., 1988; Boullier and Robert, 1992) . Microthermometric studies of CO 2 -bearing fluid inclusions from the Donalda deposit (Chi et al., 1992) indicate that the fluid pressure during the incremental history of the vein fluctuated and may have reached 2.6 kbars, which corresponds to a depth of 9.8 km if a lithostatic pressure regime (for a rock density of 2.7 g/cm 3 ) is assumed. Considering the metamorphic conditions of the host rocks (greenschist facies) and the relatively late timing of vein formation (post-peak metamorphism), it is possible that the Donalda gold-quartz veins were formed at a depth less than 9.8 km, and therefore the fluid inclusion data suggest that the fluid pressure may have been episodically supralithostatic. It is believed that episodic supralithostatic fluid pressure was responsible for the incremental growth of the subhorizontal gold-quartz vein in the Donalda deposit.
Mechanism of formation of vein-parallel deformation bands and its relationship with fluid dynamics
Vein-parallel bands are ubiquitous in mesothermal gold-quartz veins. Many of these bands are wall rock septa which were interpreted as fragments of vein wall torn off during successive episodes of vein accretion (Fergyson and Gannett, 1932) , a process similar to the crack-seal mechanism proposed by Ramsay (1980) , or alternatively as a result of progressive replacement out from fractures (McKinstry and Ohle, 1949) . Some vein-parallel bands, however, are mineralogically similar to the rest of the vein, and were interpreted as second generation veinlets resulting either from opening and filling of new fractures within a vein (Chace, 1949; Hodgson, 1989), or from replacement of former wall rock septa by newly formed vein minerals (Hurst, 1935; Chace, 1949) . A new mechanism is proposed here to explain the formation of some of the vein-parallel bands in the Donalda deposit, as described below.
As indicated earlier, many of the vein-parallel bands in the Donalda deposit appear to have resulted from deformation of primary growth quartz, but the mechanism of formation of these vein-parallel deformation bands has not been discussed. Several lines of evidence indicate that the primary growth quartz in the subhorizontal goldquartz vein experienced vertical shortening: 1) subvertical veinlets ( Fig. 9b) with extensional features indicating subvertical s 1 ; 2) highangle microfractures (Fig. 9a) and deformation lamellae representing shear fractures, also compatible with subvertical shortening; and 3) vertical fluid inclusion planes (FIPs) (Fig. 9c and d) . FIPs have been generally considered as extensional fractures (perpendicular to s 3 ) based on experimental tests (Brace and Bombolakis, 1963; Tapponnier and Brace, 1976; Krantz, 1979) and structural studies dealing with microcracks in relation to regional stress field (Tuttle, 1949; Lespinasse and Pecher, 1986; Lespinasse, 1999) . The vertical orientation of the FIPs (Fig. 9c and d ) therefore indicates horizontal s 3 . The multi-directional strikes of the intracrystal FIPs (Fig. 9c) are consistent with a vertical s 1 and horizontal s 2 and s 3 (s 2 z s 3 ), whereas the preferential WNWeESE strike of the intercrystal FIPs (Fig. 9d) , as also observed for FIPs in the post-mineralization D'Eldona diabase dyke (Fig. 3) by Boullier et al. (1998) , may be explained by horizontal s 1 and s 3 and vertical s 2 .
Because the regional stress field was dominated by NS-directed horizontal or subhorizontal shortening during the formation of the subhorizontal vein, the vertical s 1 indicated by microstructures in the primary growth minerals is probably related to the local stress field. This local stress field is interpreted to have been related to fluid pressure fluctuation as illustrated in Fig. 11 . When fluid pressure exceeded the lithostatic pressure, the fracture was opened and primary mineral growth took place in open space throughout the fracture (Fig. 11a) . As fluid pressure decreased toward the hydrostatic value, the effective normal stress became positive, the hanging wall collapsed, and primary minerals were crushed to fine grains where protruding primary growth minerals from both sides collided, forming the vein-parallel deformation bands (Fig. 11b) . The sections where the crushing bands were being formed, similar to the "quartz bridges" in the water-sill model of Henderson et al. (1990) , supported the bulk of the overload burden and were therefore experiencing vertical stress higher than the lithostatic load. The fewer and smaller the bridges, the higher the vertical stress within them. As a result, the maximum principal stress (s 1 ) became vertical within the bridges, while that in the hanging wall and footwall may have remained horizontal as in the regional stress field. With a new round of fluid pressure fluctuations, new primary growth layers and crushing bands were formed ( Fig. 11c and d) .
Relationship between gold mineralization, fluid pressure fluctuation and fracturing
In vein-type mesothermal gold deposits, gold was commonly precipitated later than the immediate host minerals, typically occurring in microfractures superimposed on primary growth minerals (Boyle, 1979; Robert and Brown, 1986a,b; Callan and Spooner, 1989; Dowling and Morrison, 1989; Hodgson, 1989) . This relationship may be interpreted to indicate that gold was introduced after the formation of the vein systems. Alternatively, gold may have been introduced with the fluids that precipitated the vein minerals in multiple episodes, although gold precipitation may have taken place later than the major vein minerals in individual fluid flow episodes. The observation that gold-bearing microfractures were truncated by vein-parallel deformation bands supports this latter interpretation.
It has been shown that fluid phase separation, which is generally related to fluid pressure drop, may have been one of the major mechanisms causing gold precipitation (Robert and Kelly, 1987; Seward, 1989; Bowers, 1991; Guha et al., 1991) . Fluid inclusion studies of the Donalda deposit show that fluid phase separation took place during the formation of the gold-quartz veins (Chi et al., 1992) . The fluid phase separation and gold deposition events can be related to the episodic fluctuation of fluid pressure, which was responsible for the multiple opening and closing processes of the vein. During periods of vein opening, the fluid pressure was high and major vein minerals were precipitated, whereas during periods of vein closing, the fluid pressure was low and fluid phase separation took place, causing gold precipitation in microfractures. This process may have been repeated many times during the incremental history of the veins, meaning that although gold precipitation was later than the immediate host minerals, gold mineralization was broadly contemporaneous with the formation of the veins.
Conclusions
In summary, based on the textural and microstructural analysis of oriented samples from the principal gold-quartz vein of the Donalda gold deposit, the following conclusions can be made. The subhorizontal vein was formed by multiple episodes of fracture opening and mineral precipitation, in response to episodic fluid pressure fluctuation between supralithostatic and hydrostatic regimes. During periods of higher-than-lithostatic fluid pressure, the fracture was opened and primary growth minerals were precipitated, whereas during periods when fluid pressure decreased toward the hydrostatic value, the hanging wall of the fracture collapsed and protruding primary growth minerals from both sides of the fracture collided, forming vein-parallel deformation bands. The columns where the two facing sides of the fracture collided were subject to higher-than-lithostatic stress due to the bridging effect and reduced support surface area, therefore the maximum principal stress (s 1 ) in these areas was vertical, which is different from the regional stress field where the s 1 was horizontal. This local stress field caused a series of subvertical microfractures in the primary growth minerals which were filled with either fluid inclusions (i.e., fluid inclusion planes or FIPs) or superimposed mineral assemblages Figure 11 A schematic model illustrating the formation mechanism of vein-parallel deformation bands in relation to fluid pressure fluctuation, and development of vertical maximum principal stress. including gold. Gold was preferentially precipitated during periods of low fluid pressure when fluid phase separation tended to take place. Episodic fluid pressure fluctuation, accompanied by episodic primary mineral growth and microfracturing as well as gold precipitation, explains why gold appears to postdate its immediate host minerals and yet gold mineralization is broadly contemporaneous with vein formation.
